: Calculated free energy profiles for the dehydration of the unsubstituted benzene cis-1,2,dihydrodiol in the presence of zero and four explicit water molecules, respectively. All energies are in kcal/mol, relative to the relevant reactant complex. TS 1 and TS 2 denote the transition states for proton abstraction and expulsion of hydroxide respectively, and IS denotes the carbanion intermediate. As can be seen, addition of four explicit water molecules increases the energies of the two transition states and the intermediate relative to the reactant complex due to better solvation of the hydroxide ion, but not relative to each other (i.e. the energies of these three species are just shifted, see also discussion in the main text). Additionally, the overall reaction free energy is not changed substantially, as both reactant (RS) and product (PS) states contain free hydroxide ion, and therefore the solvation error cancels out. 1 , and ν denotes the smallest calculated vibrational frequency in cm -1 . In all cases, calculations were performed in a pure continuum model (see main text and computational methods), with the exception of the H(4) case, which was performed in the presence of four explicit water molecules. Finally, note that, since the calculated energetics are being considered relative to a reactant complex that has already been formed, for completeness, we have corrected the experimental value by 0.017 M -1 to take into account the entropic cost of bringing the reacting fragments into the encounter complex, following ref.
2 . Fig. 2 . All calculations presented in this Table were performed using a pure continuum model with no extra explicit water molecules. Charges were obtained at the same level of theory as the geometry optimizations (see computational methods). C β , C α , O lg and C X denote the β-carbon, the α-carbon, the oxygen atom of the leaving group, and the substituted carbon atom at the 3-position respectively.
S5

S8
Cartesian Coordinates for Key Stationary Points.
Unless otherwise specified, all calculations were performed in the presence of four additional explicit water molecules. For the position of the substituent, X, see Fig. 1 of the main text. Transition State for Proton Abstraction C -0.15474900 -0.82181000 -0.17340200 O 0.04757200 -1.53629100 -1.43250800 H -0.63286100 -2.21928100 -1.47627600 H -0.02462500 -1.55529600 0.62761400 C -1.51987000 -0.20128600 -0.06412100 O -2.56540100 -1.16955400 -0.24605000 H -2.85839700 -1.44961000 0.62810500 C -1.71763300 1.01443400 -0.81603600 H -2.72953700 1.27474200 -1.11650800 C -0.68624600 1.87846500 -1.01680300 H -0.83844500 2.85206100 -1.46531600 C 0.62626900 1.49355800 -0.55829800 H 1.42462400 2.22846300 -0.58559800 C 0.90488800 0.24949600 -0.09819900 C 2.30000800 -0.13338000 0.31574500 H -1.60863400 0.18194600 1.21952400 O -1.77504900 0.38143300 2.48255000 H -2.47708300 1.03953000 2.52644900 O 3.18058100 0.77085500 0.38001000 O 2.51591500 -1.35012000 0.57958400
X=CN
Carbanion Intermediate 1 C 0.38023400 0.91637700 0.10356800 O 0.41220000 2.12662900 -0.78490500 H 0.92084900 2.81278700 -0.33361800 H 0.18565700 1.32419600 1.10336100 C 1.71156800 0.24920800 0.07389000 O 2.73398600 0.84900000 0.81219800 H 2.38212200 1.63093300 1.25328700 C 1.98040000 -0.83971900 -0.67927400 H 2.99812900 -1.21853000 -0.71065900 C 0.92708400 -1.51701500 -1.38947200 H 1.15621000 -2.36801400 -2.01813900 C -0.36718500 -1.10498300 -1.17548800 H -1.18620400 -1.66288000 -1.61870600 C -0.69188300 -0.01154100 -0.33608300 C -2.08098500 0.28825400 0.02096100 H -0.34246600 -1.36834700 1.28762600 O -0.06726300 -1.93690600 2.03121200 H 0.89289200 -1.96077200 1.94780400 O -3.01937400 -0.48157100 -0.38926000 O -2.32987300 1.30874000 0.75330900
Carbanion Intermediate 2 C 0.31928400 0.88175900 0.11909900 O 0.26773300 2.14310400 -0.68388400 H -0.60850300 2.50749300 -0.49972900 H 0.16077600 1.22882300 1.14928300 C 1.69879200 0.34369600 -0.02390600 O 2.71011900 1.06111500 0.61973100 H 2.41225800 1.97171700 0.73047400 C 2.00341600 -0.76768500 -0.72758100 H 3.04701200 -1.05746600 -0.81347800 C 0.97150200 -1.57917200 -1.31939500 H 1.23458400 -2.45176000 -1.90314300 C -0.33884300 -1.23742400 -1.07502000 H -1.13686900 -1.86618800 -1.45913600 C -0.70419800 -0.11865100 -0.29411500 C -2.10073400 0.18272000 0.01993300 H -0.18608800 -1.34108700 1.41457900 O 0.25979300 -1.79326300 2.15416800 H 1.19399500 -1.69871900 1.93322900 O -3.02883400 -0.63227100 -0.31423100 O -2.36037100 1.28078000 0.63094500
Transition State for Leaving Group Elimination C 0.32614000 0.79523800 0.23730200 O 0.41813900 2.37124800 -0.63438900 H -0.39091500 2.80938800 -0.34444900 H 0.11737900 1.26920800 1.19334700 C 1.67271600 0.29860400 0.07563200 O 2.68671300 0.94794700 0.77497400 H 2.38466000 1.84636000 0.95843200 C 1.98057500 -0.72854300 -0.76417600 H 3.02101300 -1.01332000 -0.88610000 S18 C 0.94902600 -1.43009700 -1.44934100 H 1.19984400 -2.23868100 -2.12434600 C -0.36208800 -1.08766700 -1.19811900 H -1.16588800 -1.64778800 -1.66336600 C -0.70001000 -0.05434300 -0.29649300 C -2.11820200 0.21848200 0.05788000 H -0.21481300 - 0.55380700 -1.53544700 1.24834000 C -2.13792100 -1.10858900 -0.37687100 C -3.50573100 -0.98720800 -0.16868800 C -4.06141200 0.23431500 0.21095000 C -3.21962700 1.33054200 0.37612500 C -1.85042700 1.21477100 0.15377800 H -1.73329000 -2.08135800 -0.63212700 H -4.14131300 -1.85795400 -0.28741900 H -5.12782800 0.32655200 0.37928500 H -3.63066900 2.29013300 0.67034600 H -1.22958100 2.09551900 0.26476100
Product Complex C -1.02528500 0.29730100 -0.83658600 O -1.05259600 3.18319600 1.17074800 H -1.05752100 2.29642800 0.79902400 H -0.61547600 0.60531200 -1.79356800 C -2.40588800 0.23232700 -0.67627300 O -3.26441900 0.56009400 -1.69256300 H -2.75895200 0.83255800 -2.46894000 C -2.96341900 -0.18083800 0.53221900 H -4.04110400 -0.22314700 0.63595100 C -2.11946800 -0.52277000 1.58278400 H -2.54734700 -0.83348500 2.52875400 C -0.73671500 -0.46414000 1.43620200 H -0.09056700 -0.71766500 2.26822200 S22 C -0.17976700 -0.05268900 0.22087200 C 1.29281500 0.00996200 0.04580300 H -1.77129900 -2.56550000 -0.42998700 O -1.04526500 -3.16032300 -0.65545800 H -0.25590500 -2.64115200 -0.46082500 C 2.11272200 -0.98813900 0.58404900 C 3.49293600 -0.93472500 0.41797500 C 4.07299900 0.11790100 -0.28555100 C 3.26462700 1.11675400 -0.82294500 C 1.88419100 1.06318300 -0.66001100 H 1.66417600 - 
